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PREFACE 


The purpose of this study wes to investigate the daily values of 
the mean-offective lapse rate over certain ocean regions and thereby 
to provide a table of probable values of this quantity for the extra- 
polation of upper pressure surface heishts from observed surface data, 
Season, latitude, wind direction and surface pressure were employed as 
parameters for separation of casese 

This work was conducted at the United States Naval Postrraduate 
School, Monterey, California, during the period December 1949 to May 
1950. The investigation was prompted by the construction and distri- 
bution of milti-variate diagrams for the computation of upper pressure 
surface heights from sea level temperature, pressure, and mean effective 
lapse rate. Those diagrams, designed by Professor Ge Je Haltiner of tho 
Department of Aerological Enfinecring of the United States Naval Post~ 
graduate School, require an estimation of the mean effective lapse rate 
betweon sea level and the desired pressure surface. The investigation 
attempts to provide an ohjective selection of the appropriate lapse rate 
under varying conditions. The assistance and encouragement of Professor 


Haltiner in the preparation of this thesis is gratefully acknowledged. 
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Ie INTRODUCTICH 


The desirability of increasing the accuracy of upper pressure 
surface analysis in regions of sparse radiosonde coverage is recopnized 
by all meteorologists. Several methods have boen suggested for improving 
the analysis of these charts, among which are the extrapolation of heights 
from sea level data, the assumption of continuity and predictable develop- 
ment of the thiclmess pattern between layers, the construction of tempera- 
ture anomaly patterns, and otherse All of these have proved value and 
several are widely employed. 

The purpose of this paper is to make an objective investigation of 
radiosonde reports from ocean stations and to set forth susgested values 
of mean effective lapse rates for various locations and surface weather 
conditionse These selected values will then be employed to extrapolate 
the heights of the desired pressure surfaces from observed sca level 
values of temperature and pressuree This latter step is to be acconm= 
plished by the use of multi-evariate diasrams which yield the height of 
the pressure surface using an estimated mean effective lapse rate value 
and the sea level temperature and pressure for interration of the hydro=- 
static equatione 

A brief review of current methods of obtaining suitably accurate 
analysis of upper pressure surface charts in regions of poor radiosonde 
coverage is presented. The universally accepted approximation of assuming 
@ moist adiabatic lapse rate when synoptic observations indicate that such 


a lapse rate exists is presented in many standard texts. Unfortunately, 
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in all but the most recent works, this method is presented for the 
extrapolation of surface data into pressures for a given uppor lovel 
chart. An example of this presentation is included in the Handbook of 
Meteorology [1] . Haltiner and Eaton [2] have published, in tabular 
form, the results of this method for uso in ccnstent pressure analysise 

The method of the Extended Forecast Section of the Ue S. Weather 
Bureau, as reported oy Namias l4; 5] » is based on the socalled 
“differential” technique, but with certain important improvements. The 
thickness pattern of the various atmospheric layers is employed but the 
estimate of thickmess is improved "by judicious distortion of the thicke 
ness isograms, or, in effect, by drawing anomalies of thicknesse" Tho 
fact that this method has been retained and is an integral part of the 
operation of the Extended Forecast Section is an effective demonstration 
of its worth. However, the data, computing devices, and staff required 
for efficient use of this method are seldom available to other weather 
forecast unitse 

Most recently, Haltiner 13\ » has prepared and issued diagrams 
for the extrapolation of the heights of upper constant pressure surfaces 
from sea level temperature and pressure with the assignmont of a value to 
the mean effective lapse rate between sea level and the 700 or 500 millibar 
pressure surface. Because of tho lack of statistical studies of oceanic 
lapse rates in the literature, the selection of an appropriate lapse rate 


is primarily subjective with only comparatively broad limitations imposed 
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by theoretical considerations. It is believed that the results of the 
present investigation will introduco a modicum of objectivity into the 
selection of mean offective lapse rate values and will materially reduco 
the opportunity for large errorse 

The data used in this investigation were obtained from a one year 
file of the Daily Upper Air Bulletin [7] , namely, from October 1948 
through September 1949. The reader is reminded that these data are 
unedited. Certain obvious errors have boen corrected but it is cone 
sidered likely that some of the "fringe" values obtained in this study 
are the result of erroneous data. 

Two distinct methods of presenting the results of the work are 
utilized. In the first, the 500 millibar mean effective lapse rate is 
sevarated successively according to (1) season; (2) latitude; (3) wind 
direction, and (4) sea level pressure. In the second, the monthly mean 
data, with accompanying statistical parameters, is presented for each of 
the several reporting ocean weather stationse 

A test of the effectiveness of the suggested values of the mean 
effective lapse rate is made and the results reported as mean error from 
the observed heightse The test is considered indicative only, since, be= 
cause of non-availability of other data, a random sample of reports from 


the primary data was usede 
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IIe METHCD OF ANALYSIS 


From the Upper Air Bulletin the followins data were recorded on 
columnar paper, each radiosonde report with associated sea level data 
filling one line: a) station number or letter; b) date; c) latitude 
and longitude; d) sea level wind direction and force; e) sea level 
pressure; f) sea level temperature; ¢) height of the 700 mb surface: 

h) temperature at the 700 mb surface; i) height of the 500 mb surface; 
and k) temperature at the 500 mb surface. 

With the exception of the autum data, which was from 1948, only 
those radiosonde reports were used where all of the above information 
wes available. “here complete data for the 0400 GCT sounding was not 
reported, the 1500 GCT sounding was used. A total of 1396 reports were 
recorded and analyzede 

The mean lapse rate from sea level to each of the upper surfaces 
was computed and entered in colunms reserved therefore. Using the milti- 
variate diarrams and entering with the observed height, the sca level tem= 
perature and pressure, a mean effective lapse rate from sea level to each 
of the upper surfaces was determined and enterede 

All entries were then transferred to 3 x 5 cards to facilitate the 
various separations. On each card was entered the following information: 
latitude, longitude, date (1500 GCT soundings in lieu of 0500 GCT sound= 
ings were indicated by a bar over the date), station number or letter, 
sea. level pressure, sea level wind direction and force, sea level tem- 


perature, mean lapse rate and mean effective lapse rate from sea level 
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to each of the upper surfacese On the reverse of the card a serial 
number of the soundine was entored which corresponded to a sinilar 
number ageinst the sounding on the original columnar sheets. 

The mean effective lapse rate from sea level to 7OO mb was cor= 
related for a sample period (one month) with the mean effective lapse 
rate from sea level to 500 mb. The result of this correlation indicated 
the practicability of using the "500 mb mean offective lapse rate" ex- 
clusively for further analysise 

The following notes should be made, All data used for each sounding 
in this investigation were for the same time. This differs from the normal 
practice of extrapolation of the upper surface heights from sea level data 
observed (usually) two and one-half hours earliere Thus caution is indi- 
cated where surface conditions have changed rapidly subsequent to the 
surface observation and prior to the time of the upper surface mape An 
effort should be made to modify the earlier surface data as necessary 
before the extrapolation is made. further, although the multi-variate 
diagrams are computed usins virtual temverature, this transformation 
Was not made in this analysis. There were two reasons for thise It is 
considered that this refinement is unwarranted considerins tho nature of 
the method and also that the lapse rate valuos surrested in this paper 
are based on observed temperatures. 

The following separations were mace and frequency tables developed 
therefrom. Mean effective lapse rates from sea level to 500 mb were used. 
Wind separation was made into four quadrants entered on the intercardinal 


points. Sea levol pressure was divided into ten millibar increments, and 
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latitude into ton defree bands. The lapse rate figures, which had been 
read to within one one-hundredth of a degree centisrade per 100 meters, 
wore grouped into ten one-hundredth intervals, centered on the even 
tenths value. The seasons are the even quarters of the calendar yoare 

In Appendix I are presented the frequency tables rosulting fron 
separation by latitude, season, and lapse rate. In Appendix II are 
found the results of the successive separation according to season, 
latitude, wind direction, and lapse rate. Anpendix III shows the re« 
sults of successive separation accordins to season, latitude, sea level 
pressure, and lapse rate, Finally, in Apvendix IV, the frequency tables 
of complete successive separation according to season, latitude, wind 
direction, surface pressure, and lapse rate are civene 

From the data contained in Appendix IV, Table 1 was compiled. This 
table is derived from the frequency tables and represents the "best" value 
of mean effective lapse rate to be used for various conditions as defined 
by the other parancterse 

As a further aid in the selection of an appropriate mean effective 
lapse rate, monthly mean data for each of the several ocean weather 
stations was computed and the results are presented in Table 2. 

By making a random selection of soundings from the file of Upper 
Air Bulletins, 2 test sample of 50 soundings was collected. The appro 
priate value of the mean effective lanse rate was selected from Table l, 
the heifht computed by the multi-variate diarsram, and the height thus 
obtained was compared with the observed heichte The results of this test 
are prosented in Table 3e In additicn, heichts were obtained using approe 
priate mean monthly lapse rate values from Table 2. Tho results of this 


technique are also noted in Table 3.6 
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II. DISCUSSION GF RESULTS AND SUGGEETIONS FOR 
FURTIOR PRVESTIGATICH 

The comparative accuracy achieved by using larse rate values from 
Tables 1 and 2 indicates little preference between the two, Cn the basis 
of the 50 sounding sample (3.65 of rocorded observations), the difference 
in averase error is considered insignificant. It is encouraging to note 
tnat tne net mean error was minor in each case and did not show a constant 
trend of errore The determination of extravolated heichts to within 200 
feet of the actual enables the analyst to bo confident that tho analysis 
includes all significant features of the heisht nattern. The normal 
number of shin renorts available in the Pacific and Atlantic Ocean areas, 
in northern latitudes, should provide adequate coverace for complete 
analysis of tne upper pressure surface mapSe 

Since the number of reporting ocean weather stations does not provide 
conclusive evidence for sugzested lapse rate values for on entire latitude 
belt, these values must be used with caution in locations far removed from 
the stations available for this study. When the data presented herein is 
based on a revorting location well away from larce land masses, particularly 
those to windward, the suggested values may be significantly smaller than 
those actually prosent over locations immediately to leeward of continents, 
even thourh in the same latitude belt. In hish latitudes, tho existence of 
extensive ico cover must be considered, with the sucrested values of lapse 
rate being adjusted upvard to compensate for the increased insvability as 


the cold air moves out over the open water. 
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In this study, as in many others, it is rerretted that the number 
of soundines available for analysis could not have beon increasod tenfolé 
or moree The absence of soa lovel wind cata procluded the use of many re- 
ports. It is considered that the fourteen hundred reports used were barely 
adequate to nermit the forrmlation of Tables 1 and 2. Extreme values of 
the various basic parameters do not appear with sufficient frequency to 
insure accuracy of suspested lapse rate values in those cases. 

Since the separations according to sea level pressure and/or wind 
direction were not completely definitive, certain other available data 
should be considered in future work. The curvature of surface isobars is 
believed to offer distinct possibilities. It is an easily dotermined 
variable and is closely related to the stability of the overelyins air masse 
With access to suitable map files or with the publication of the Nistorical 
Weather lap Series for the period covered by this investiration, this para~ 
meter could be determined for each observation and the data entered on the 
existing cardse Separations could then be made accordingly with new fre-~ 
quency tables prepared therefrome 

Riehl [6], has published techniques applied in an analysis of lapse 
rate values for the 700=300 mb layer. The assumption that a mean lanse rate 
will also be tne mean offective lapse rate between the two pressure surfaces, 
which is reasonably well satisfied for the 700-300 mb layer, is not satis= 
factory for the sea level-700 mb, or sea level=5CO mb layers. The cresence 
of frontal and subsidence invorsions invalidates this assumption. Thus a 
knowledge of the temperature field at sea level and at the upver pressure 


surface does not necessarily yield an accurate mean effective lapse rate 
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for the layere Further, a classification system according to location 
of the sounding in relation to troughs and ridees does not serve effec- 
tively in these lower layers. The sea level isobar configurations are 
usually more complex than the contour patterns aloft and would thorefore 
require a much more complicated classifications It is believed that tho 
Suggested classification according to isobar curvature will achieve the 
desired separation. Riehl's method of dividing the lapse rate values 
according to temperatures of the 700 mb surface is sound for the upper 
layers, but does not apply in our problem. This is because the sea level 
air temperatures are controlled to a very freat desree by the surface sea 
water temperature, and are not intimately related to the meen temporature 
of the air mass abovee Hence, they exhibit primarily a latitudinal and 
seasonal gradient and are not suitable indicators of stability. Thus no 
Secresation of lapse rate values has been attempted based on sea level 
air temporaturese 

A source of possible error, present in this study, would be removed 
dy obtaining and using microfilm copies of station data sheets, rather than 
the Upper Air Bulletin or Mistorical Weather Map Seriese In each of these 
publications all errors of transmission and inaccurate punching of data 
cards add to the vacaries of statistical analysis. It is concluded that 
a& number of the sinsular values of lanse rate obtained were due to erron- 
eous primery data. 

As has been noted above, a tenfold increase in the number of reports 


analyzed would most certainly have resulted in increased dofinitivenesse 
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With such a number of cases however, an effort should be race to utilize 
yinch=card techniques and mechanical sortinge 

Since the use of monthly=meen lapse rate values shows premise, and 
Since they are readily obtainable, it is recommended that daily values 
of the mean effective lapse rate over each reportinr ocean station be 
computed and recorded. Table 2 could then be revised as additional date 
was compiled and a noticeable increase in accuracy of extranolation should 
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